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1. INTRODUCTION 
 
The subject of this Executive Summary is the Cartiva Synthetic Cartilage Implant (or “Cartiva Implant”) 
premarket approval (PMA) application, P150017, sponsored by Cartiva, Inc. The Cartiva Implant is made 
of an organic polymer-based biomaterial comprised of polyvinyl alcohol and saline.  The device is 
designed to exude and reabsorb saline upon application and removal of a compressive load, in a manner 
similar to biologic cartilage. The viscoelastic implant material properties are intended to be conducive to 
replacing focal areas of painful damaged cartilage and are intended to allow for pain reduction and 
maintained range of motion. The finished device is a molded cylindrical implant that is placed into the 
metatarsal head in the first metatarsophalangeal (MTP) joint via press fit implantation.  The implant has 
2 sizes, 8mm (8 mm diameter x 8 mm depth) and 10 mm (10 mm diameter x 10 mm depth).  The device 
is designed to penetrate the subchondral bone. This PMA application has been reviewed by staff in the 
Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration (FDA) (also 
referred to as the Agency). Your time and effort in the review of this PMA application is greatly 
appreciated. 
 

1.1 Rationale for Presentation to the Panel 
 
In addition to the fact that the Cartiva Implant is a first-of-a-kind press fit, osteochondral plug that 
attempts to preserve motion of the first metatarsophalangeal joint for the proposed target population, 
the Agency is presenting this PMA application to the Orthopaedic and Rehabilitation Devices Panel of 
the Medical Devices Advisory Committee based on the reasons listed below. The study supporting this 
PMA application was conducted outside of the United States (oUS).  Although this oUS study was not 
subject to prior approval under an Investigational Device Exemptions (IDE) application, extensive 
protocol feedback was nonetheless provided to the sponsor prior to the initiation of the study.  The 
study was a non-inferiority comparison of subjects treated with the Cartiva Implant (or “Cartiva”) and a 
control cohort of subjects undergoing an arthrodesis procedure (or “Arthrodesis”).  In its review of the 
PMA, the Agency has raised concerns related to the study design, secondary surgical interventions, and 
study observations/results. Specifically, the Agency has identified issues related to the time of the study 
endpoint, differences in success criteria for each group, chosen non-inferiority margin, and criteria for 
determination of radiographic success or failure. The following cited issues impact the ability to analyze 
and interpret the study results for the purpose of assessing safety, effectiveness, as well as the benefits 
and risks of the Cartiva investigational device: 
 

• The appropriateness of the chosen non-inferiority margin, 15%. 
 

• Cartiva patients experiencing lower pain reduction from baseline at later time points as 
compared to Arthrodesis patients. 
 

• The risk of secondary subsequent surgical interventions in Cartiva versus Arthrodesis. 
 

• Assessment criteria for function and the respective function measures in Cartiva versus 
Arthrodesis.  
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• Assessment criteria for radiographic success and the respective radiographic success measures 
in Cartiva versus Arthrodesis.  

 
• The Panel will be asked to comment on the need for, and elements of, a new enrollment for the 

Post-Approval Study, should FDA determine that this PMA application is approvable. 
 

• The Panel will be asked a voting question on whether there is a reasonable assurance of safety 
for the PMA device for its proposed intended use.  
 

• The Panel will be asked a voting question on whether there is a reasonable assurance of 
effectiveness for the PMA device for it proposed intended use.  
 

• The Panel will be asked a voting question on whether a favorable benefit-risk has been 
demonstrated for the PMA device for its proposed intended use. 

 

1.2 FDA Questions for the Panel 
 
The FDA would like the Panel to provide responses to a series of questions regarding the safety and 
effectiveness data presented in the PMA application.  These questions are located in the “FDA Panel 
Questions” section of the Panel package, and Panel input will be solicited at the April 20, 2016, Panel 
meeting. 

2. DEVICE DESCRIPTION 

2.1 Applicant Name and Address 
 
CARTIVA, INC   
6120 WINDWARD PARKWAY SUITE 200  
ALPHARETTA, GA 30005 US   

2.2 Description of the Cartiva Investigational Device 
 
The Cartiva implant is made of an organic polymer-based biomaterial comprised of polyvinyl alcohol and 
saline.  The device is designed to exude and reabsorb saline upon application and removal of a 
compressive load, in a manner similar to biologic cartilage. The viscoelastic implant material properties 
are intended to be conducive to replacing focal areas of painful damaged cartilage and are intended to 
allow for pain reduction and maintained range of motion.  The finished device is a molded cylindrical 
implant that is placed into the metatarsal head in the first metatarsophalangeal (MTP) joint via press fit 
implantation.   
The sponsor is proposing 2 sizes of their device 8mm (8 mm diameter x 8 mm depth) and 10 mm (10 mm 
diameter x 10 mm depth).  The device is designed to penetrate the subchondral bone.  At these sizes, 
the sponsor notes that the implant is expected to cover 37-49% of the 1st MTP joint surface (based on 
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geometrical dimensions of the 1st MTP joint measured by Yoshioka in the Journal of Orthopaedic 
Research1.  
 
Figure 1: Cartiva Synthetic Cartilage Implant          Figure 2: Implant Location of Cartiva Device  

                          
 
Instrumentation (Placer, Introducer, Metatarsal Drill Bit, and Sterilization Tray): The Cartiva 
instrumentation includes dedicated tools that accomplish drilling of an appropriately sized cavity in the 
intended target (the metatarsal head), and deploying the Cartiva device into the cavity via a press fit 
configuration.  The Cartiva instrumentation, including the Placer, Introducer, Metatarsal Drill Bit, and 
Sterilization Tray are contract manufactured by approved suppliers.  The guide pins (off-the-shelf 
Steinmann pins manufactured by Micro-aire Surgical Instruments) that have been qualified for use with 
the Cartiva instrumentation are received as final product direct from the manufacturer and will be 
distributed for use with the Cartiva instrumentation.  Each piece of instrumentation is made of surgical 
grade stainless steel and is provided to the user non-sterile.  All instrumentation outside of the guide 
pins are reusable and are provided with cleaning and sterilization instructions.  The guide pins are 
provided with sterilization instructions and are disposed of after a single use.  The device is stored in 
saline until use. 

3. PROPOSED INDICATIONS, CONTRAINDICATIONS, WARNINGS AND PRECAUTIONS 

3.1 Indications for Use 
 
The following Indications for Use are proposed by the sponsor in the PMA application: 
 
“The Cartiva® Synthetic Cartilage Implant is intended for use in the treatment of patients with 
degenerative or post-traumatic arthritis in the first metatarsophalangeal joint in the presence of good 
bone stock along with the following clinical conditions: hallux valgus or hallux limitus, hallux rigidus, and 
an unstable or painful metatarsophalangeal joint.” 

3.2 Contraindications  
 
The sponsor proposes that the use of the Cartiva Implant be contraindicated in the following cases: 

• Active infection of the foot 
• Known allergy to polyvinyl alcohol 

                                                             
1 Yoshioka et al: Geometry of the first metatarsophalangeal joint. J Ortho Res: Volume 6, Issue 6, pages 878–885, 
November 1988 
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• Inadequate bone stock 
• Diagnosis of gout with Tophi 
• Any significant bone loss, avascular necrosis, and/or large osteochondral cyst (> 1cm) of the first 

metatarsophalangeal joint 
• Lesions of the first metatarsal head greater than 10 mm in size 
• Physical conditions that would tend to eliminate adequate implant support (e.g., insufficient 

quality or quantity of bone resulting from cancer, congenital dislocation, or osteoporosis), 
systemic and metabolic disorders leading to progressive deterioration of bone (e.g., cortisone 
therapies or immunosuppressive therapies), and/or tumors and/or cysts >1cm of the supporting 
bone structures 

 

3.3 Warnings 
 
The sponsor proposes that the following warnings be included in the labeling for Cartiva Implant: 
 

• The safety and effectiveness of this device has not been established in subjects with the 
following conditions: 
o Skeletally immature subjects, pediatric or adolescent (< 21 years old) 
o Subjects on chronic anticoagulation due to a bleeding disorder or has taken 
o anticoagulants within 10 days prior to surgery 
o Subjects with osteonecrosis of the first metatarsophalangeal joint 
o Grade 0 or 1 osteoarthritis 

3.4 Precautions 
 
The sponsor proposes that the following precautions be included in the labeling for the Cartiva Implant:  
 

• The Cartiva® SCI should only be used by surgeons who are experienced with orthopaedic 
procedures of the foot and have undergone training in the use of this device. Only surgeons who 
are familiar with the implant, instruments, procedure, clinical applications, biomechanics, 
adverse events, and risks associated with the Cartiva® SCI should use this device. A lack of 
adequate experience and/or training may lead to a higher incidence of adverse events. 

• Preoperative planning should be performed by the surgeon to estimate the required implant 
size. Prior to surgery, assure that the appropriate implant sizes are available for surgery. 

• Examine all instruments prior to surgery for wear or damage. Replace any worn or damaged 
instruments. 

• Use aseptic technique when removing the Cartiva® SCI device from the innermost packaging. 
• Carefully inspect the device and its packaging for any signs of damage, including damage to the 

sterile barrier. Do not use Cartiva® SCI implants if the packaging is damaged or the implant 
shows signs of damage. 

• Use care when handling the Cartiva® device to ensure that it does not come in contact with 
objects that could damage the implant. Damaged implants are no longer functionally reliable. 

• The Cartiva® SCI should not be used with components or instruments from other manufacturers. 
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• Surgical implants must never be re-used or re-implanted. Ensure proper alignment and 
placement of device components as misalignment may cause excessive wear and/or early failure 
of the device.  

4. DEVICE HISTORY 

4.1 Regulatory History 
 
The safety and effectiveness of the Cartiva Synthetic Cartilage Implant was evaluated under a clinical 
study entitled, “A Prospective, Randomized, Non-Inferiority Study to Evaluate the Safety and 
Effectiveness of Cartiva Synthetic Cartilage Implant in the Treatment of First Metatarsophalangeal Joint 
Osteoarthritis as Compared to a Control” (or the MOTION study).    Subjects were treated between 
October, 2009 and February, 2013.  While the study was conducted in the United Kingdom and Canada 
and therefore was not subject to IDE regulations, extensive feedback had nonetheless been provided to 
the sponsor prior to initiation of the study.  While some of the clinical study design issues raised by the 
Agency in its feedback were ultimately incorporated into the study protocol and adequately addressed 
by the sponsor at the time of PMA submission, others were not and are identified in this Summary.   
 

4.2 Marketing History 
 
The Cartiva device has been distributed since 2002 with approvals in Europe, Canada and Brazil.  The 
sponsor states that over 4000 Cartiva implants have been distributed throughout the world to date.  The 
device was originally manufactured and distributed by SaluMedica, Inc.; the proprietary technology and 
manufacturing processes were acquired by Carticept Medical in August 2008.  The product line has since 
become a separate business entity, Cartiva, Inc., as of 2012. The device has not been withdrawn from 
any of the oUS markets.  

5. BACKGROUND 
 
The sponsor conducted the oUS study to treat patients with pain at the first MTP joint as a result of 
Osteoarthritis (OA).  OA is the most widespread type of arthritis or joint disease, and is among the most 
frequent reported symptomatic health problems for middle aged and senior adults. 2,3  It is characterized 
by pain and dysfunction in the joint that is caused by degeneration, which includes progressive loss of 
articular cartilage, remodeling of the subchondral bone, and osteophyte formation.  The incidence of OA 
in each of the human joints escalates with age, and may affect any of the synovial joints, though is most 
commonly found in the hand, foot, knee, spine, and hip joints.1  The pathology of OA encompasses the 
entire joint and includes focal defects with continuing hyaline articular cartilage loss, concomitant 
changes to the subchondral bone, as well as marginal outgrowths, osteophytes, and increased 
thickening.  
 

                                                             
2Buckwalter JA, Saltzman  C, Brown T. The Impact of Osteoarthritis.  Clinical Orthopaedics and Related Research. 
2004;427S:S6-S15. 
3 Lawrence RC, Felson DT, Helmick  CG, Arnold LM, Choi H, Deyo RA, et al. Estimated of Prevalence of Arthritis and Other 
Rheumatic Conditions in the United States Part II. Arthritis and Rheumatism. 2008 January;58(1):26-35. 
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The first MTP joint, or hallux, is a modified hinge joint consisting of the metatarsal head and the 
proximal phalanx, which is intrinsically unstable, though it gains stability from an array of soft tissue 
structures that provide support. 4  The most frequent site of OA in the forefoot is in the first MTP joint. 
An array of disorders due to acquired orthopaedic abnormalities and traumatic injuries may contribute 
to the development of OA in the first MTP joint.  These include primary OA or OA development due to 
trauma, repetitive microtrauma, rheumatoid arthritis, other inflammatory conditions, severe bunion 
deformities (hallux valgus), and recurrent hallux deformity after surgery. 5 ,6 
 
First MTP joint OA often presents with pain and limited range of motion due to the development of 
osteophytes on the dorsal aspect of the metatarsal head and the proximal phalanx. 7,8  Patients complain 
of pain with push off and an inability to wear shoes, which can force the hallux into dorsiflexion.6  Hallux 
rigidus is a term typically used to depict the symptoms associated with degenerative arthritis of the first 
MTP joint. 9  It is characterized by a limitation in range of motion, which can progress from a functional 
limitation of motion, to differing degrees of degenerative OA.5,10  The severity of degenerative changes 
is strikingly dependent upon the duration of symptoms. 11 
 
Hallux valgus is a static subluxation of the first MTP joint that has a lateral divergence of the hallux and 
medial divergence of the first metatarsal, and are often called bunions. 12  Per the American Academy of 
Orthopaedic Surgeons (AAOS), more than half of the women in the US have hallux valgus, which is often 
the result of wearing tight, narrow, or high heeled shoes. 13  It is believed that some individuals have 
predisposing factors, making their feet more prone to develop hallux valgus.  In the progression of hallux 
valgus, the first MTP joint may become unbalanced, forcing the metatarsal head laterally, causing 
chronic inflammation and eroding the joint capsule.11 
 
Current Treatment Options 
Treatment options for first MTP joint OA may depend upon the severity of symptoms a patient is 
experiencing.  Patient symptoms and level of function in conjunction with radiographic evaluation 

                                                             
4 Allen LR, Flemming  D, Sanders TG. Turf Toe: Ligamentous Injury of the First Metatarsophalangeal Joint. Military Medicine. 
2004 November;169(11):xix-xxiv. 

5 Bennett GL, Kay DB, Sabatta  J. First Metatarsophalangeal Joint Arthrodesis: An Evaluation of Hardware Failure. Foot & Ankle 
International. 2005;26(8):593-596. 
6 Shereff MJ, Baumhauer  JF. Current Concepts Review Hallux Rigidus and Osteoarthritis of the First Metatarsophalangeal 
Joint. Journal of Bone and Joint Surgery. 1998;80A(6):898-908. 
7 Moskowitz RW, Altman RD, Hochberg  MC, Buckwalter JA, Goldberg VM. Osteoarthritis Diagnosis and Medical Surgical 
Management 4th ed. Philadelphia: Lippincott Williams & Wilkins; 2007. 
8 Ettl  V, Radke  S, Gaertner M, Walther M. Arthrodesis in the Treatment of Hallux Rigidus. International Orthopaedics 
(SCIOT). 2003;27:382-385. 
9 Coughlin MJ, Shurnas PS. Hallux Rigidus Grading and Long-Term Results of Operative Treatment.  Journal of Bone and Joint 
Surgery. 2003;85A(11):2072-2088. 
10 Lombardi CM, Silhanek AD, Connolly  FG, Dennis LN, Keslonsky AJ. First Metatarsophalangeal Arthrodesis for Treatment of 
Hallux Rigidus: A Retrospective Study. 2001;40(3):137-143. 
11 Mann  RA, Coughlin MJ, DuVries HL. Hallux Rigidus A Review of the Literature and a Method of Treatment. Clinical  
Orthopaedics and Related Research. 1979;142:57-63. 
12 Mann  RA, Coughlin MJ. Hallux Valgus – Etiology, Anatomy, Treatment and Surgical Considerations. Clinical Orthopaedic 
and Related Research. 1980 June;157:31-41. 
13  http://orthoinfo.aaos.org/topic.cfm?topic=A00155 
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should be considered to determine the best treatment option.  Non-operative and operative treatments 
are available. 14 
 
• Non-Operative Treatments 

Conservative management of first MTP joint OA is typically the first line of treatment for patients.  It 
can include the use of orthotics or accommodative footwear, using a stiff soled shoe, the use of pain 
relievers and anti-inflammatory medicines, injections, hot/cold temperature baths, and limitations 
in activities.  If conservative treatment fails to relieve symptoms, surgical treatment is 
recommended.4,15,16 

 
• Operative/Surgical Treatments 

Surgical treatments for first MTP joint OA are often divided into joint salvage and joint destructive 
procedures.  Several factors should be considered when selecting the appropriate surgical treatment 
for a patient with first MTP OA. Age, activity level, severity of disease found upon clinical and 
radiographic findings, and comorbidities should all be taken into account.15 

 
o Cheilectomy 
o Hemiarthroplasty 
o Total Joint Replacement 
o Arthrodesis 
o Resurfacing/Focal Chondral Defect Repair of the First MTP Joint 

 
The Cartiva Implant was evaluated as a potential alternative treatment for the Indication for Use stated 
above for which degenerative or post-traumatic arthritis exists in the first MTP in the presence of good 
bone stock.  MTP implant devices, such as the Cartiva, are placed into the metatarsal head in the first 
MTP joint via press fit implantation.  The intent of these devices is to replace focal areas of painful 
damaged cartilage thereby reducing pain and maintaining range of motion in the MTP joint.  

6. NON-CLINICAL EVALUATION OF THE CARTIVA IMPLANT 

6.1 Non-Clinical Testing 
 
The following non-clinical testing has been conducted and repeated on worst-case design iterations of 
the Cartiva Implant: 
 

• Multi-Use Testing 
• Confined Compression (new and accelerated aged implants)  
• Unconfined Compression (new and accelerated aged implants)  
• Creep 
• Shear (new and accelerated aged implants)  
• Pushout Testing  

                                                             
14 Ketz J, Baumhauer J, Nawoczenski D. Kinetic and Kinematic Changes in the First Metatarsophalangeal Joint After 
Cheilectomy. Techniques in Foot and Ankle Surgery. 2006;5(4):266-271. 

15 http://orthoinfo.aaos.org/topic.cfm?topic=A00168 
16 Yee, GY, Lau J. Current Concepts Review: Hallux Rigidus. Foot & Ankle International. 2008;29(6):637-646.  
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• Hydration Properties 
• S-N Analysis 
• Fatigue 
• Wear (performed on the pure resin, non-sterile Implant, sterilized Implant and sterilized-

fatigued Implant devices) 
• Chemical Characterization (performed on the pure resin, non-sterile Implant, sterilized Implant 

and sterilized-fatigued Implant devices) 
• Goat Implantation Study 
• Rabbit Particulate Implantation Study 

 
No significant concerns were identified in any of these non-clinical tests, and there are no non-clinical 
concerns being brought to the Panel.  

6.2 Biocompatibility 
 
The Cartiva Implant is manufactured from polyvinyl alcohol and saline. In accordance with International 
Organization for Standardization (ISO) 10993 part 1, such artificial cartilage implants are in contact with 
bone and or/tissue, with a permanent duration of contact (> 30 days).  For this type of product, CDRH 
recommends the following biocompatibility tests be considered: cytotoxicity, sensitization, irritation (or 
intracutaneous reactivity), material mediated pyrogenicity, acute systemic toxicity, subchronic toxicity, 
implantation, chronic toxicity, genotoxicity (mutagenic and clastogenic testing) and carcinogenicity.   
 
The following biocompatibility testing, as per ISO 10993, has been conducted on the Cartiva: 

• Cytotoxicity - L929 MEM Elution & Direct Contact  
• Sensitization 
• Irritation/Intracutaneous 
• Acute Systemic Toxicity  
• Subchronic Toxicity 
• Chronic Toxicity  
• Genotoxicity – Amex Reverse Mutation, Chromosomal Aberration Assay, Rodent Bone Marrow 

Micronucleus Assay 
• Implantation  
• Pyrogenicity 

 
No significant concerns were identified in the biocompatibility testing provided. 

7. CLINICAL STUDY OVERVIEW 

7.1 Pivotal Study Investigational Plan (Study Design) 
 
The sponsor conducted the MOTION study in the United Kingdom and Canada.  Their clinical protocol is 
outlined below with notes at the bottom of pertinent sections to outline the study design considerations 
for each section.  

7.1.1 Study Objectives 
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The study was intended to compare the safety and effectiveness of the Cartiva™ Synthetic Cartilage 
Implant to an arthrodesis control in the treatment of first metatarsophalangeal joint osteoarthritis. 
 
The study hypothesis was that the Cartiva device would be non-inferior to conventional fusion of the 
first metatarsophalangeal joint in the identified subjects.  Non-inferiority was to be demonstrated in the 
primary composite endpoint, which included measures of pain and function and if subjects underwent a 
secondary surgery or undesirable radiographic outcomes. 
 
If non-inferiority was demonstrated, then a superiority analysis was conducted.  Patients with secondary 
procedures (revision surgery) were counted as both effectiveness failures  and safety failures (secondary 
subsequent surgical interventions (SSSI)). 
 

7.1.2 Study Design 
 
The clinical study was designed as a prospective, randomized (2:1), controlled, multicenter, non-
inferiority study with two treatment arms.  The active treatment arm received a Cartiva™ Synthetic 
Cartilage Implant and the control arm had arthrodesis. The PMA evaluated Effectiveness at 12 months.  
Based on our previous feedback, 24 month data and analyses were requested, post-hoc. 
 

7.1.3 Enrollment Criteria (Inclusion/Exclusion Criteria) 
 
Listed below in Table 1 are the enrollment criteria as defined in the sponsor’s protocol. 
 

Table 1: Inclusion/Exclusion Criteria 

Inclusion Criteria 
Subjects must meet ALL of the following criteria to 
be eligible to participate in the clinical study: 
 
• ≥18 years of age; 
• Degenerative or post-traumatic arthritis of the first 

metatarsophalangeal joint and is a candidate for 
arthrodesis with Grade 2, 3, or 417 

• Preoperative VAS Pain score of ≥40; 
• Presence of good bone stock, with <1cm 

osteochondral cyst and without need for bone 
graft; 

• Capable of completing self-administered 
questionnaires; 

• Be willing and able to return for all study-related 
follow up procedures; 

Exclusion Criteria 
Subjects may not participate in the clinical study if 
they meet ANY of the following criteria: 
 
• <18 years of age; 
• Degenerative or post-traumatic arthritis of the first 

metatarsophalangeal joint and is not a candidate 
for arthrodesis with Grade 0 or 1 

• Preoperative VAS Pain score <40; 
• Active bacterial infection of the foot; 
• Additional ipsilateral lower limb (hip, knee, ankle, 

or foot) pathology that requires active treatment 
(i.e., surgery, brace); 

• Bilateral degenerative or post-traumatic arthritis 
of the first metatarsophalangeal joints that would 
require simultaneous treatment of both MTP 

                                                             
17 Coughlin MJ, Shurnas PS. Hallux rigidus. Grading and long-term results of operative treatment. 
American Journal of Bone Joint Surgery. 85-A(11):2072-88. November 2003  
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• Have not participated in any other research 
protocol within the last 30 days, and will not 
participate in any other research protocol during 
this study; 

• If female, is either using contraception or is 
postmenopausal, or male partner is using 
contraception; and 

• Have been informed of the nature of the study, 
agreeing to its requirements, and have signed the 
informed consent approved by the IRB/Ethics 
Committee. 

 

joints; 
• Previous cheilectomy resulting in inadequate bone 

stock; 
• Inflammatory arthropathy; 
• Diagnosis of gout; 
• Any significant bone loss, avascular necrosis, 

and/or large osteochondral cyst (>1cm) of the first 
metatarsophalangeal joint; 

• Lesions greater than 10mm in size; 
• Hallux varus to any degree or hallux valgus >20°; 
• Physical conditions that would tend to eliminate 

adequate implant support (e.g., insufficient quality 
or quantity of bone resulting from cancer, 
congenital dislocation, or osteoporosis), systemic 
and metabolic disorders leading to progressive 
deterioration of bone (e.g., cortisone therapies or 
immunosuppressive therapies), and/or tumors 
and/or cysts >1cm of the supporting bone 
structures; 

• Patient is on chronic anticoagulation due to a 
bleeding disorder or has taken anticoagulants 
within 10 days prior to surgery; 

• Patient was diagnosed with cancer in the last two 
(2) years and received treatment with 
chemotherapy or received radiation to the lower 
extremity to be treated with Cartiva or 
arthrodesis; 

• Suspected allergic reaction to polyvinyl alcohol; 
• Muscular imbalance, peripheral vascular disease 

that prohibits adequate healing, or a poor soft-
tissue envelope in the surgical field, absence of 
musculoligamentous supporting structures, or 
peripheral neuropathy; 

• In the opinion of the Investigator, any medical 
condition that makes the subject unsuitable for 
inclusion in the study, including, but not limited to 
patients with a diagnosis of concomitant injury 
that may interfere with healing; patients with 
clinically significant renal, hepatic, cardiac, 
endocrine, hematologic, autoimmune or any 
systemic disease or systemic infection which may 
make interpretation of the results difficult; 
patients who have undergone systemic 
administration within 30 days prior to 
implantation of any type of corticosteroid, 
antineoplastic, immunostimulating or 
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immunosuppressive agents; 
• Co-morbidity that reduces life expectancy to less 

than 36 months; 
• If female, be pregnant, planning to become 

pregnant during the course of the study,  breast-
feeding, or if childbearing age, is not using 
contraception; 

• History of substance abuse (e.g. recreational 
drugs, narcotics, or alcohol); 

• Is a prisoner or ward of the state; 
• Are unable to meet the treatment and follow up 

protocol requirements; or 
• Are being compensated under workers’ 

compensation or are currently involved in 
litigation. 

 

7.1.4 Control Treatment 
 
The sponsor instructed the investigators to utilize their standard surgical technique for all arthrodesis 
subjects.  The following standard aseptic preparation of the subject for surgery and surgical steps may 
include the following: 
 

• Using standard surgical technique, access the affected first MTP joint. 
• Resect any osteophytes as needed from the proximal phalanx and the distal metatarsal. 
• Ensure proper alignment and angle/degree of the joint prior to placement of hardware. 
• Use screws and/or plates, as necessary, to fuse the joint. 
• Repair any soft tissue, as necessary, and close the surgical wound in standard fashion. 

7.1.5 Surgical Procedure Used to Implant the Investigational Device 
 
The Cartiva procedure is similar to that used for osteochondral autograft or allograft transplantation; 
the Cartiva Implant is placed into a pre-drilled hole to resurface the damaged area of cartilage/bone.  A 
small straight dorsal or straight medial incision approximately 4cm long is made along the dorsal or 
medial aspect of the first MTP joint to provide exposure of the capsule.  Osteophytes are resected from 
the proximal phalanx and/or metatarsal head.  Ability to attain over 40 degrees of dorsiflexion prior to 
insertion of Cartiva is preferred.  The concave end of the Placer is used to identify the target 
implantation site.  A guide pin and drill is used to make the metatarsal head defect site. The Introducer 
tube is used to introduce the implant to the site.  The Placer is then used to press fit the implant into the 
metatarsal head defect.  Surgeons are then instructed to resect any osteophytes from dorsal, lateral, 
and medial aspects of the metatarsal head.  Images of the site preparation, Head Defect, Implant 
Placement, and Insertion of the Cartiva device are shown in Figure 3 below. 
 

Figure 3: Site Preparation, Head Defect, and Insertion of Cartiva implant (from left to right) 
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calculated.  If the one-sided 95% lower confidence interval is greater than the equivalence limit (-15%), 
the primary endpoint will have been met. 
 
In its feedback to the sponsor prior to the study, the Agency requested that the analysis of study success 
be performed at 24 months instead of 12 months on the basis that 24 months would be needed to 
adequately assess longer-term adverse events and more reliably determine fusion and other clinical 
outcomes.  In its review of the PMA, the Agency noted that the sponsor had utilized the Foot and Ankle 
Measure (FAAM) Sports Subscale in the primary effectiveness analysis for the device in lieu of the FAAM 
Activities of Daily Living (ADL) primary effectiveness measure previously proposed by the sponsor prior 
to conducting the oUS the study.  FDA requested the sponsor provide post-hoc analyses in which the 
effectiveness endpoint be evaluated at 24 months and utilize the FAAM ADL effectiveness measure.  The 
sponsor provided these analyses in its response.  (Note: As will be shown later, these changes are 
slightly less conservative or more favorable to Cartiva.)   
 
In addition, in feedback provided to the sponsor prior to the study, the Agency recommended the use of 
a non-inferiority margin corresponding to a maximum clinically insignificant difference in lieu of the 15% 
non-inferiority margin proposed by the sponsor.  The sponsor utilized a 15% margin in its PMA based, in 
part, on the following:  “[t]he clinicians involved in the study design, took into consideration the patient 
population, the types of responses that are expected for Arthrodesis and felt that a 15% delta between 
the study groups would was appropriate given the potential benefits of Cartiva and was a clinically 
insignificant difference.  In particular, the potential for a Cartiva patient’s ability to maintain motion of 
the joint, quicker rehabilitation, less restrictive post-operative instructions, quicker return to function 
and sports activity and the impact these have on their quality of life would allow for efficacy (-15%) and 
not be unacceptably worse than arthrodesis.”   
 
The Panel will be asked to comment on the appropriateness of the sponsor’s chosen 15% non-inferiority 
margin for its clinical study.  If the Panel does not believe this margin to be appropriate, the Panel will be 
asked to recommend a non-inferiority margin that it believes to be appropriate. 
 

7.1.8 Secondary Effectiveness Endpoints 
 
Secondary endpoints for effectiveness include clinical assessments, functional assessments, and quality 
of life measurements as follows:   
 

• VAS Pain;  
• FAAM Activities of Daily Living (ADL) Score (Time to return to function as measured by the FAAM 

ADL Score will be evaluated and compared between groups to evaluate the perceived benefit of 
Cartiva subjects to return to activities of daily living more quickly than arthrodesis subjects.); 

• FAAM Sports  
• MTP joint motion per goniometer measurements; 
• Subject Global Assessment;  
• Investigator Global Assessment; 
• SF-36 Physical Functioning Scale; and 
• Foot Function Index Revised (FFI-R). 
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The sponsor pre-specified that each secondary variable were to be tested in the following order: 
1. VAS Scores 
2. FAAM Activities of Daily Living Scores 
3. Active MTP Peak Dorsiflexion 
4. Patient Global Assessment 
5. Investigator Global Assessment 
6. SF-36 Physical Functioning Scale 
7. Foot Function Index Revised (FFI-R) 
 
According to this analysis plan, if the first secondary endpoint is not significant then additional 
secondary endpoints will not be tested.  Thus, if Cartiva was not shown to be significantly better in 
terms of VAS scores, then claims regarding other secondary endpoints, such as Active MTP Peak 
Dorsiflexion, would not be allowed. The purpose of pre-specifying a plan such as this one is to control 
Type I error when multiple endpoints are tested.  It would be statistically inappropriate to test all of the 
secondary endpoints and then decide afterwards which one is the most important, as this inflates the 
Type I error rate. 
 
After completing the study, the sponsor explored other methods of analyzing secondary endpoints, such 
as using a Hochberg step-down analysis and using a Bonferroni adjustment.  While these methods would 
have been appropriate if they had been pre-specified, they were used post-hoc and as such, are subject 
to bias.   

7.1.9 Subgroup Analysis  
 
Analysis was also conducted on the following subgroups: 

 
• Gender; 
• Grade of OA (2, 3, or 4) 
• Implant size (8 mm or 10 mm) 
• BMI (≥ 30 or <30) 
• VAS Pain score at baseline (≤50 or >50); 
• Regular activity (Yes or No); and/or 
• Age (≤65 years or >65 years). 

7.2 Statistical Analysis Plan 

7.2.1 Randomization  
 
The initial two subjects enrolled at each site (except for Site 2) were non-randomized and implanted 
with Cartiva for the purpose of site training.  These subjects are called Roll-In subjects and are only 
included in safety analyses, not in effectiveness analyses. 
 
The subjects were randomized 2:1 with implantation with Cartiva in the active treatment arm, or 
arthrodesis in the control arm, respectively.  

7.2.2 Planned and Actual Sample Size Calculation 
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The sponsor originally assumed they would need 171 subjects, 114 Cartiva subjects and 57 Arthrodesis 
subjects.  These estimates were based on assumptions of 80% power, one-sided alpha=0.05, a 15% non-
inferiority margin, 60% response rate for arthrodesis and 64% for Cartiva.  After incorporating a 20% 
dropout rate, 143 and 71 subjects (214 total) were needed for the Cartiva and arthrodesis group, 
respectively.   
 
The sample size was increased to 249 subjects to include non-randomized roll-in subjects.  By 2010, the 
sample size was revised again to 230 subjects.  (Note: There was an interim analysis conducted to 
determine if the sample size needed to be changed.  None of these changes happened because of the 
interim analysis.  The details of the interim analysis are in the next section, but the Agency has no 
concerns regarding this analysis.)   In the end, 236 subjects were enrolled, 202 subjects were treated 
(including roll-in subjects), and 180 subjects were randomized and treated. 

7.2.3 Interim Analysis 
 
As pre-specified in the May, 2012 SAP, one interim analysis was conducted once 1/3 of the planned 
number of subjects were enrolled, randomized, and followed for 12 months to evaluate sample size 
assumptions.  The percentage of subjects meeting the success criteria was calculated for each treatment 
arm.  Percentages from the ITT and the mITT populations and from the Worst Case and Completer 
sensitivity analyses were calculated. 
 
Although the goal of the interim analysis was not to stop the study prematurely, an adjustment to the 
overall alpha level was performed.  The group sequential design by Peto (Geller and Pocock, 1987) was 
used for controlling the overall type I error rate or alpha level.  Based on this method, 0.001 of the total 
alpha level was attributed to the interim analysis even though no statistical testing was performed.  Per 
this group sequential methodology, an alpha level of 0.050 was used at the final analysis. 
 
The June, 2012 interim analysis to confirm the sample size assumptions was completed as pre-specified 
in the original SAP dated May 2012 without deviation.  A total of seventy-five subjects who were 
screened and randomized into the trial were included in this interim analysis.  While the actual 
treatment response rates (Cartiva 82%, control 76%) are significantly higher than were expected (Cartiva 
64%, control 60%), the observed between-treatment difference (6%) was very close to what was 
expected (4%).  No sample size adjustment was recommended, and therefore no adjustment to the 
sample size was made. 
 
7.2.4 Length of Treatment and Follow-up 
 
Subjects were followed-up at 2 and 6 weeks, 3, 6, 12, and 24 months post-treatment.  

7.2.5 Blinding 
 
Subjects, investigators, and independent radiographic reviewers were not blinded to the treatment 
assignment. 

7.2.6 Analysis Populations 
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22 were non-randomized.  By definition, the ITT population consists of 197 all-randomized patients (132 
investigational and 65 controls).   
 
The mITT population, submitted by the sponsor for the PMA consists of 180 patients (197 patients in the 
ITT group minus an additional 17 subjects excluded who never underwent treatment) divided into 130 
investigational and 50 controls.  The PP population (168 subjects (122 Cartiva and 46 Arthrodesis)) 
excluded subjects who were not treated as randomized and those with “major” protocol deviations 
(n=6).   
 
The Safety population is the subset of all enrolled subjects (236) minus 34 withdrawals prior to (17) and 
after (17) randomization, leaving 202 subjects who were actually treated with either the Cartiva device 
or arthrodesis (152 Cartiva and 50 Arthrodesis).  
 
The reasons subjects withdrew prior to randomization and post-randomization but prior to treatment 
are provided in the tables below. 
 

Table 4: Withdrawals Pre-Randomization [CARTIVA Table] 

 
 
 
 

Table 5: Withdrawals Post-Randomization [CARTIVA Table] 

 
 
In a study randomized 2:1, Cartiva to Arthrodesis, many subjects were expecting to be randomized to 
Cartiva.  Consequently, 10 subjects withdrew when they were randomized to Arthrodesis because they 
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had been hoping to be randomized to Cartiva, as compared to one that withdrew because the subject 
had been hoping to be randomized to fusion. 
 
The subject accounting can be seen in Figure 4 below.  There is one clarification; Figure 4 indicates that 2 
randomized Cartiva subjects were lost to follow-up.  One of these subjects had an SSSI prior to study 
exit, was considered a failure on the primary endpoint, and therefore is not considered missing for the 
primary analysis.. 
 

Figure 4: Cartiva Patient Accounting Table 
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Follow up visit not completed 7 (2%) 3 (3%) 10 (2%) 0 
TOTAL 374  87  463 6  

1Two subjects  took medication within 8 hours of baseline assessment. 
2Subjects  
3Subject  
4Subject  

   
After elimination of duplicate protocol deviation listings, there are a remaining total of 416 individual 
protocol deviations that occurred during the MOTION study (rather than the total of 463 originally 
reported in the PMA).  The table below demonstrates how the 416 total deviations from 202 subjects 
were divided into study group, type, and determination of major deviation status. 

(b) (5)
(b) (5)

(b) (5)
(b) (5)
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A breakdown of protocol violations according to the treatment group reveals that there was a 6% 
greater number of protocol deviations related to Investigator/Site oversight or omission in the Cartiva 
group than in the control group.  These Major deviations were for out-of-window (OOW) and the use of 
pain meds at the 12-month follow-up assessment.  However, individual subjects with deviations who 
failed Inclusion/Exclusion criteria, or others OOW, could also significantly impact an assessment of 
safety and effectiveness for the device.   
 
FDA reviewed the deviations of each individual and considered them by type, and the major or minor 
impact on assessing individual outcome.  Based upon the definitions of major protocol deviations 
described above in FDA’s analysis of all protocol deviations, there were 28 patients (22 investigational 
and 6 controls) who should be excluded from the PP study analyses for Major protocol deviations, which 
when subtracted from the Completed Cases (CC) dataset would result in a PP dataset of (107 
investigational and 41 control).  Others had pain medication within 8 hours of either a baseline or an 
endpoint assessment.  
 

8.4 Subject Demographics and Baseline Characteristics 
 
The following tables provide a summary and comparisons of demographic variables and patient 
preoperative characteristics between the Cartiva™ and Control groups.  The typical subject was a female 
about age 56.  The sponsor did not provide an evaluation of preoperative risk factors such as smoking, 
previous revision surgery, or diabetes.   
 

Table 9: Gender [CARTIVA Table] 
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Table 10: Baseline Demographics ITT Population [CARTIVA Table] 

 
 
The sponsor also provides analyses of all demographics, which demonstrate that the baseline 
characteristics were not different for randomized subjects who withdrew prior to treatment compared 
to those who were treated and remained in the study. 
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Table 15: Summary of Adverse Event Experiences- Safety Analysis Set [CARTIVA Table] 

 
 

9.1 All Adverse Events 
 
All adverse events, as shown in Table 16 below, are reported from the “Safety Population” which 
included 152 Cartiva patients and 50 Arthrodesis patients enrolled in the multi-center clinical study.  
Adverse event rates presented are based on the number of patients having at least one occurrence for a 
particular adverse event divided by the total number of patients in that treatment group. 
 
A total of 105 Cartiva patients (69.1%) had at least one adverse event within 24 months versus 36 
Arthrodesis patients (72.0%).  A total of 245 events were reported in the Cartiva patients and 72 events 
were reported in the Arthrodesis patients.  The summary of AEs by System Organ Class (SOC) and 
Preferred Term (PT) in either treatment group is provided in the Table below reported as number of 
events and number of patients in the safety population. 
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Hepatomegaly 1 1 0.5% 1 1 0.7% 0 0 0.0% 
INFECTIONS AND INFESTATIONS  20 17 8.4% 13 12 7.9% 7 5 10.0% 
Arthritis viral 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Bronchitis 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Clostridium difficile colitis 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Cystitis 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Herpes zoster 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Influenza 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Nasopharyngitis 2 2 1.0% 2 2 1.3% 0 0 0.0% 
Onychomycosis 1 1 0.5% 0 0 0.0% 1 1 2.0% 
Pneumonia 2 2 1.0% 1 1 0.7% 1 1 2.0% 
Postoperative wound infection 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Sepsis 1 1 0.5% 0 0 0.0% 1 1 2.0% 
Sinusitis 2 2 1.0% 1 1 0.7% 1 1 2.0% 
Stitch abscess 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Urinary tract infection 4 3 1.5% 1 1 0.7% 3 2 4.0% 
INJURY, POISONING AND 
PROCEDURAL COMPLICATIONS  

117 78 38.6% 86 57 37.5% 31 21 42.0% 

Ankle fracture 2 2 1.0% 2 2 1.3% 0 0 0.0% 
Back injury 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Device breakage 1 1 0.5% 0 0 0.0% 1 1 2.0% 
Device migration 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Fall 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Foot fracture 7 6 3.0% 6 5 3.3% 1 1 2.0% 
Hand fracture 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Humerus fracture 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Joint sprain 2 2 1.0% 2 2 1.3% 0 0 0.0% 
Road traffic accident 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Spinal cord injury 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Tendon rupture 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Muscle strain 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Contusion 2 2 1.0% 1 1 0.7% 1 1 2.0% 
Comminuted fracture 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Meniscus lesion 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Medical device complication 4 4 2.0% 0 0 0.0% 4 4 8.0% 
Post procedural bile leak 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Post procedural discharge 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Post procedural complication 2 2 1.0% 1 1 0.7% 1 1 2.0% 
Medical device pain 8 8 4.0% 6 6 3.9% 2 2 4.0% 
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Joint injury 7 5 2.5% 5 4 2.6% 2 1 2.0% 
Limb injury 5 3 1.5% 2 1 0.7% 3 2 4.0% 
Skeletal injury 2 1 0.5% 2 1 0.7% 0 0 0.0% 
Postoperative wound 
complication 

1 1 0.5% 0 0 0.0% 1 1 2.0% 

Post procedural oedema 5 5 2.5% 3 3 2.0% 2 2 4.0% 
Limb crushing injury 1 1 0.5% 0 0 0.0% 1 1 2.0% 
Procedural pain 40 38 18.8% 31 29 19.1% 9 9 18.0% 
Avulsion fracture 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Post procedural swelling 14 13 6.4% 11 10 6.6% 3 3 6.0% 
MUSCULOSKELETAL AND 
CONNECTIVE TISSUE DISORDERS  88 62 30.7% 68 46 30.3% 20 16 32.0% 

Arthralgia 19 18 8.9% 16 15 9.9% 3 3 6.0% 
Arthritis 7 6 3.0% 4 4 2.6% 3 2 4.0% 
Arthropathy 2 1 0.5% 2 1 0.7% 0 0 0.0% 
Back pain 3 3 1.5% 1 1 0.7% 2 2 4.0% 
Bone cyst 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Bunion 3 3 1.5% 2 2 1.3% 1 1 2.0% 
Bursitis 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Cervical spinal stenosis 1 1 0.5% 0 0 0.0% 1 1 2.0% 
Exostosis 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Fracture nonunion 2 2 1.0% 0 0 0.0% 2 2 4.0% 
Joint stiffness 2 2 1.0% 2 2 1.3% 0 0 0.0% 
Metatarsalgia 1 1 0.5% 0 0 0.0% 1 1 2.0% 
Monarthritis 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Muscle spasms 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Musculoskeletal pain 1 1 0.5% 0 0 0.0% 1 1 2.0% 
Osteoarthritis 8 5 2.5% 7 4 2.6% 1 1 2.0% 
Pain in extremity 12 11 5.4% 11 10 6.6% 1 1 2.0% 
Palindromic rheumatism 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Plantar fasciitis 3 3 1.5% 2 2 1.3% 1 1 2.0% 
Spinal column stenosis 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Tendonitis 4 3 1.5% 3 2 1.3% 1 1 2.0% 
Fibromyalgia 2 2 1.0% 2 2 1.3% 0 0 0.0% 
Muscle tightness 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Joint crepitation 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Foot deformity 8 7 3.5% 7 6 3.9% 1 1 2.0% 
Limb discomfort 1 1 0.5% 0 0 0.0% 1 1 2.0% 
NEOPLASMS BENIGN, 
MALIGNANT, AND UNSPECIFIED 8 7 3.5% 6 5 3.3% 2 2 4.0% 
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(INCL CYSTS AND POLYPS) 

B-cell lymphoma 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Neuroma 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Throat cancer 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Gastrointestinal stromal tumour 1 1 0.5% 0 0 0.0% 1 1 2.0% 
Prostate cancer 2 2 1.0% 2 2 1.3% 0 0 0.0% 
Benign soft tissue neoplasm 1 1 0.5% 0 0 0.0% 1 1 2.0% 
Benign muscle neoplasm 1 1 0.5% 1 1 0.7% 0 0 0.0% 
NERVOUS SYSTEM DISORDERS  7 6 3.0% 5 5 3.3% 2 1 2.0% 
Carpal tunnel syndrome 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Dysaesthesia 1 1 0.5% 0 0 0.0% 1 1 2.0% 
Hypoaesthesia 1 1 0.5% 0 0 0.0% 1 1 2.0% 
Neuralgia 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Neuropathy peripheral 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Syncope 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Cognitive disorder 1 1 0.5% 1 1 0.7% 0 0 0.0% 
PREGNANCY, PUERPERIUM AND 
PERINATAL CONDITIONS 2 2 1.0% 1 1 0.7% 1 1 2.0% 

Pregnancy 2 2 1.0% 1 1 0.7% 1 1 2.0% 
PSYCHIATRIC DISORDERS  6 6 3.0% 5 5 3.3% 1 1 2.0% 
Anxiety 2 2 1.0% 2 2 1.3% 0 0 0.0% 
Depression 3 3 1.5% 2 2 1.3% 1 1 2.0% 
Insomnia 1 1 0.5% 1 1 0.7% 0 0 0.0% 
RENAL AND URINARY 
DISORDERS  1 1 0.5% 0 0 0.0% 1 1 2.0% 

Nephrolithiasis 1 1 0.5% 0 0 0.0% 1 1 2.0% 
REPRODUCTIVE SYSTEM AND 
BREAST DISORDERS  

2 2 1.0% 1 1 0.7% 1 1 2.0% 

Metrorrhagia 1 1 0.5% 0 0 0.0% 1 1 2.0% 
Postmenopausal haemorrhage 1 1 0.5% 1 1 0.7% 0 0 0.0% 
RESPIRATORY, THORACIC AND 
MEDIASTINAL DISORDERS  

4 3 1.5% 4 3 2.0% 0 0 0.0% 

Dysphonia 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Dyspnoea 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Nasal septum deviation 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Sleep apnoea syndrome 1 1 0.5% 1 1 0.7% 0 0 0.0% 
SKIN AND SUBCUTANEOUS 
TISSUE DISORDERS  

8 7 3.5% 6 5 3.3% 2 2 4.0% 

Dyshidrosis 1 1 0.5% 1 1 0.7% 0 0 0.0% 
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Ingrowing nail 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Rash 2 2 1.0% 2 2 1.3% 0 0 0.0% 
Scar 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Skin disorder 1 1 0.5% 0 0 0.0% 1 1 2.0% 
Skin lesion 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Skin ulcer 1 1 0.5% 0 0 0.0% 1 1 2.0% 
SURGICAL AND MEDICAL 
PROCEDURES 4 4 2.0% 3 3 2.0% 1 1 2.0% 

Bunion operation 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Hip Arthroplasty 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Hysterectomy 1 1 0.5% 0 0 0.0% 1 1 2.0% 
Muscle operation 1 1 0.5% 1 1 0.7% 0 0 0.0% 
VASCULAR DISORDERS  3 3 1.5% 3 3 2.0% 0 0 0.0% 
Hypertension 3 3 1.5% 3 3 2.0% 0 0 0.0% 

 
 
From the table above, one can see that there are three categories of adverse events for Preferred Term 
in which the Cartiva group is greater than or equal to approximately four percentage points higher for 
number of subject experiencing these events than the Arthrodesis group. These PT categories include:  
Implant site pain (10.5% vs 0%); Arthralgia (9.9% vs 6.0%); and Pain in the Extremity (6.6% vs 2.0%).  
Specifically, a higher percentage of Cartiva subjects had adverse events involving pain.  The correlation 
of subjects with high rates of pain measured as adverse events as it correlates with primary outcome 
measures for device effectiveness is unclear.  
 
There were two PT categories where the number of subjects experiencing an adverse event was greater 
in the control group:  Fracture Non-union (4.0% vs 0%) and Medical Device Complications (8.0% vs 0%), 
which also is defined as including non-union and delayed union for the Arthrodesis group.  Fracture Non-
union is not a clinically relevant comparison, as the investigational device does not intend union. 
 
Among the SOC categories, there are a greater percentage of Cartiva subjects (15.1% vs 4.0%) who 
experienced “General Disorders and Administration Site Conditions”.  The PT categories under this SOC 
category shows that there are a greater percentage of Cartiva subject involved with Implant Site Pain 
(10.5% vs 0%), Gait Disturbance (1.3% vs 0 %), and Implant Site Swelling (1.3% vs 0%).   
 

9.2 Treatment Emergent Adverse Events 
 
The incidence of what the sponsor considered as Treatment-Emergent Adverse Events (TEAE) among 
subjects was similar between the groups (44% Cartiva and 42% Arthrodesis).  
 
There were an overall total of 134 TEAEs reported within the safety population.  A total of 102 events 
(76.1% of total events) in 67 subjects (44.1% of Cartiva subjects) were reported in the Cartiva patients 
and 32 events (23.8% of total events) in 21 subjects (42.0% of fusion subjects) were reported in the 
Arthrodesis group.  Therefore, the numbers of subjects experiencing adverse events were similar 
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Arthritis 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Arthropathy 2 1 0.5% 2 1 0.7% 0 0 0.0% 
Bone cyst 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Bunion 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Exostosis 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Fracture nonunion 2 2 1.0% 0 0 0.0% 2 2 4.0% 
Joint stiffness 2 2 1.0% 2 2 1.3% 0 0 0.0% 
Tendonitis 3 2 1.0% 2 1 0.7% 1 1 2.0% 
Foot deformity 4 3 1.5% 4 3 2.0% 0 0 0.0% 
NERVOUS SYSTEM DISORDERS  4 3 1.5% 2 2 1.3% 2 1 2.0% 

Dysaesthesia 1 1 0.5% 0 0 0.0% 1 1 2.0% 
Hypoaesthesia 1 1 0.5% 0 0 0.0% 1 1 2.0% 
Neuralgia 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Neuropathy peripheral 1 1 0.5% 1 1 0.7% 0 0 0.0% 
SKIN AND SUBCUTANEOUS TISSUE 
DISORDERS  

3 3 1.5% 1 1 0.7% 2 2 4.0% 

Scar 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Skin disorder 1 1 0.5% 0 0 0.0% 1 1 2.0% 
Skin ulcer 1 1 0.5% 0 0 0.0% 1 1 2.0% 
SURGICAL AND MEDICAL 
PROCEDURES 

1 0 0.0% 1 0 0.0% 0 0 0.0% 

Bunion operation 1 1 0.5% 1 1 0.7% 0 0 0.0% 
 
 
Similar to the All Adverse Events table, in the TEAE table there is one category (Implant Site Pain) in 
which the Cartiva group is greater than four percentage points higher for the number of subjects 
experiencing these events than those in the Arthrodesis group.  This PT category is Implant Site Pain 
(10.5% vs 0%).   Specifically, a higher percentage of Cartiva subjects had treatment emergent adverse 
events considered as serious involving pain.  As stated previously, the correlation of subjects with high 
rates of pain measured as serious adverse events as it correlates with primary outcome measures for 
device effectiveness is unclear.  
 
Again similar to the All Adverse Events table, there were two PT categories where the number of 
subjects experiencing a TEAE was greater in the control group:  Fracture Non-union (4.0% vs 0%) and 
Medical Device Complications (8.0% vs 0%), which also is defined as including non-union and delayed 
union for the Arthrodesis group.  Fracture Non-union is not a clinically relevant comparison, as the 
investigational device does not intend union.  
 
For the SOC category, there are a greater percentage of Cartiva subjects (13.8% vs 2.0%) who 
experienced “General Disorders and Administration Site Conditions” TEAEs.  The PT categories under 
this SOC category shows that there are a greater percentage of Cartiva subject involved with Implant 
Site Pain (10.5% vs 0%), and Implant Site Swelling (1.3% vs 0%).   
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For the SOC category “Infections and Infestations”, there were a greater percentage of Cartiva subjects 
(0.7% vs 0%) compared to Arthrodesis. This specifically includes the PT category of Stitch Abscess, with 
one Cartiva patient involved.   
 
Serious Adverse Events (SAEs) are usually defined as World Health Organization (WHO) Grade 3 or 4.  
There were a total of 26 serious adverse events (SAE) noted by FDA on their review of the “Safety” 
population in the original PMA data.  Upon a deficiency request, FDA asked that serious adverse events 
be categorized by the WHO classification.  The sponsor reports 11 SAEs according to WHO classification 
as show in their table below. 
 

Table 18: Sponsor’s SAEs according to WHO classification [CARTIVA Table] 

 
Treatment 
Group 

Preferred Term Relationship Severity WHO 
Grade 

ROLLIN Ankle fracture SYSTEMIC (NON-DEVICE) 
RELATED 

SEVERE 3 

ROLLIN Implant site pain DEVICE RELATED SEVERE 3 
ROLLIN Postoperative pain OPERATIVE SITE RELATED SEVERE 3 
C Prostate cancer SYSTEMIC (NON-DEVICE) 

RELATED 
SEVERE 3 

C Arthritis SYSTEMIC (NON-DEVICE) 
RELATED 

SEVERE 3 

C Small intestinal 
obstruction 

SYSTEMIC (NON-DEVICE) 
RELATED 

SEVERE 3 

C Cholecystitis acute SYSTEMIC (NON-DEVICE) 
RELATED 

SEVERE 3 

C Medical device pain DEVICE RELATED SEVERE 3 
C Implant site pain DEVICE RELATED SEVERE 3 
C Implant site pain DEVICE RELATED SEVERE 3 
C Hip arthroplasty SYSTEMIC (NON-DEVICE) 

RELATED 
SEVERE 3 

 
 

9.3 All Device-Related Adverse Events 
 
The sponsor reports device related adverse events as a subgroup of Treatment Emergent Adverse 
Events. There were 35 total events that were analyzed.  These are outlined in Table 19 below. 
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Stitch abscess 1 1 0.5% 1 1 0.7% 0 0 0.0% 
INJURY, POISONING AND 
PROCEDURAL COMPLICATIONS  70 52 25.7

% 50 37 24.3
% 20 15 30.0

% 
Foot fracture 3 3 1.5% 2 2 1.3% 1 1 2.0% 
Comminuted fracture 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Medical device complication 3 3 1.5% 0 0 0.0% 3 3 6.0% 
Post procedural discharge 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Post procedural complication 2 2 1.0% 1 1 0.7% 1 1 2.0% 
Postoperative wound 
complication 

1 1 0.5% 0 0 0.0% 1 1 2.0% 

Post procedural oedema 5 4 2.0% 3 2 1.3% 2 2 4.0% 

Procedural pain 40 32 
15.8
% 31 26 

17.1
% 9 6 

12.0
% 

Post procedural swelling 14 5 2.5% 11 4 2.6% 3 1 2.0% 
MUSCULOSKELETAL AND 
CONNECTIVE TISSUE DISORDERS  15 7 3.5% 12 7 4.6% 3 0 0.0% 

Arthritis 1 0 0.0% 1 0 0.0% 0 0 0.0% 
Arthropathy 2 1 0.5% 2 1 0.7% 0 0 0.0% 
Bone cyst 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Bunion 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Exostosis 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Fracture nonunion 2 0 0.0% 0 0 0.0% 2 0 0.0% 
Joint stiffness 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Tendonitis 2 1 0.5% 1 1 0.7% 1 0 0.0% 
Foot deformity 4 1 0.5% 4 1 0.7% 0 0 0.0% 
NERVOUS SYSTEM DISORDERS  4 2 1.0% 2 2 1.3% 2 0 0.0% 

Dysaesthesia 1 0 0.0% 0 0 0.0% 1 0 0.0% 
Hypoaesthesia 1 0 0.0% 0 0 0.0% 1 0 0.0% 
Neuralgia 1 1 0.5% 1 1 0.7% 0 0 0.0% 
Neuropathy peripheral 1 1 0.5% 1 1 0.7% 0 0 0.0% 
SKIN AND SUBCUTANEOUS 
TISSUE DISORDERS  

3 2 1.0% 1 0 0.0% 2 2 4.0% 

Scar 1 0 0.0% 1 0 0.0% 0 0 0.0% 
Skin disorder 1 1 0.5% 0 0 0.0% 1 1 2.0% 
Skin ulcer 1 1 0.5% 0 0 0.0% 1 1 2.0% 
SURGICAL AND MEDICAL 
PROCEDURES 

1 0 0.0% 1 0 0.0% 0 0 0.0% 

Bunion operation 1 0 0.0% 1 0 0.0% 0 0 0.0% 
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Primary - mITT  
Missing as Success 

104/130 
(80%) 

40/50 
(80%) 

-10.9% 

Primary – mITT 
Missing as Failure 

103/130 
(79.2%) 

37/50 
(74%) 

-6.5% 

Primary - Pre-Specified Per 
Protocol – Sponsor 

98/122 
(80.3%) 

37/46 
(80.4%) 

 
-11.4% 

Primary - Per Protocol FDA 86/107 
(80.4%) 

33/41 
(80.5%) 

-12.1% 

 
The changes to the effectiveness component of the primary endpoint (i.e. from 12 months to 24 
months) are seen to be favorable to the Cartiva implant.  When the sponsor’s pre-specified 15% non-
inferiority margin is utilized, the study meets both its pre-specified primary composite endpoint 
(effectiveness assessed at 12 months) and the post-hoc assessment requested by FDA for the primary 
composite endpoint (effectiveness assessed at 24 months).  However, as was discussed in section 7.1.7, 
FDA questions whether the 15% non-inferiority margin is clinically appropriate.  If, for example, a lower 
non-inferiority margin of 10%, corresponding to that typically utilized in non-inferiority studies for other 
orthopedic implants, were to be utilized for the evaluation, then both the pre-specified and post-hoc 
primary composite endpoints would not be met for this study.  Whatever non-inferiority margin is 
utilized, FDA believes this margin should correspond to a maximum clinically insignificant difference for 
the investigative and control treatments.  
 
The non-inferiority margin therefore represents a level of evidence, and the confidence interval 
incorporates a statistical measure of certainty used in estimates.  The Panel will be asked if the sponsor 
has provided the appropriate level of evidence to provide reasonable certainty that the investigational 
device is no worse than the control. Please refer to the Panel question presented in Section 7.1.7 
Primary Effectiveness Endpoint and Study Success.  
 

10.2 Parts of the Composite Endpoint 
 
The composite endpoint shows similar results between Cartiva and arthrodesis, with both groups 
around 80% success in most analyses; however, it is dependent on the success criteria used for each 
group.  The composite endpoint is one way of summarizing four separate endpoints, giving specific 
cutoffs to determine success and failure.  It would be incorrect to say that because the two groups 
showed similar response rates for their composite endpoint that subjects in each group had similar 
results for each of the four components of the composite endpoint for each group.  The next four 
sections will examine the components of the composite endpoint separately. 

10.2.1 Pain – VAS 
 
Visual Analog Scale (VAS) scores were used to evaluate pain at the operative site.  Questionnaires asked 
the average amount of pain the subject had felt over the last week and were completed prior to 
treatment, and at 2 and 6 weeks, and 3, 6, 12, and 24 months, post-operatively.    
 
For the analysis as originally defined, for overall site pain at month 12, the Cartiva patients reported a 
mean overall site pain assessment of 17.8 mm (mean improvement of 50.2 from baseline), compared 
with a mean pain assessment of 5.7 mm (mean improvement 63.6) in the Arthrodesis patients.  These 
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results demonstrated statistical significance for analyses of variance for all assessments (p<0.05) except 
baseline and Week 2.  The mean Arthrodesis VAS is >30% less than the mean Cartiva VAS at these same 
time points.  A summation of the VAS pain (at the operative site) results analyzed up to 2 years is 
provided in Table 27 below.  
 

Table 27: VAS Pain Over Time - Completed Cases Without Secondary Surgery [CARTIVA Table] 

 
 
Similarly, if one looks at VAS change from baseline, it can be seen that Arthrodesis subjects had 
significantly less pain at every time point from 6 weeks to 2 years.  The difference between Cartiva and 
Arthrodesis in the level of pain reduction at the operative site was over 15 mm from 6 weeks to 6 
months and was 12.9 mm at 1 year and 9.6 mm at 2 years. 
 
Table 28: VAS Pain Change from Baseline - Completed Cases Without Secondary Surgery [CARTIVA 

Table] 

 
 
To be considered a success in terms of pain at the operative site for the primary endpoint, a subject 
must demonstrate improvement (decrease) from baseline in VAS Pain of ≥30% at 12 months (pre-
specified primary endpoint) or 24 months (requested post-hoc primary endpoint). 
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Low impact activities, Ability to perform activity with your normal technique, and Ability to participate in 
a desired sport as long as the patient wished. 
 
Questionnaires were completed prior to treatment, and at 2 and 6 weeks, and 3, 6, 12, and 24 months, 
post-operatively.   Success in each category was defined as maintenance or improvement in status 
postoperatively as compared to the pre-operative condition.    
 
The sponsor reported clinically significant functional success in sports activities with the device through 
the primary measure of FAAM Sports at 12 months.  For overall Sports function, at month 12, the 
Cartiva patients reported a mean overall functional assessment score of 75.8 (mean improvement of 
36.9 from baseline), compared with a mean functional assessment score of 84.1 (mean improvement 
48.5) in the Arthrodesis patients.  Cartiva subjects’ FAAM Sports scores were substantially better at 
Week 2 and Week 6 but substantially worse at Month 6 and Month 12, which was the pre-specified 
primary success evaluation time point.  
 

Table 33: FAAM Sports– Completed That Did Not Have Secondary Surgery [CARTIVA Table] 

 
 
In Table 34 below, one can see similar results when examining the change from baseline.  Both groups 
have declined function at Week 2, but the Cartiva group has returned to baseline by Week 6.  By Month 
3, the groups demonstrate similar improvements in function, and, by Month 6 and 12, the Arthrodesis 
group demonstrated substantially better function scores.  The difference in mean change from baseline 
in FAAM Sports at 12 months (the pre-specified primary time point) between Cartiva and Arthrodesis 
was 11 points, where the sponsor considered a 9 point difference to be clinically meaningful.  At 24 
months, the difference in the average change from baseline was 7 points. 
 
 
 
 
 
 
 



 
Page 56 of 78 

 
 

Table 34: FAAM Sports Change from Baseline – Completed That Did Not Have Secondary Surgery 
[CARTIVA Table] 

 
 
The FAAM Sports analyzed as a responder analysis only shows a significant difference at Week 6, and 
that is in favor of the Cartiva group. 
 
However, the Agency was concerned regarding the utility of using FAAM Sports outcomes measure as 
pre-defined by the sponsor to demonstrate device effectiveness.  Three notable concerns can lead to 
bias in interpretation.  The first is the applicability of using FAAM Sports to measure an individual’s 
functional outcome as an a priori analysis.  Second, content validity cannot be assumed without the use 
of the instrument, both a priori and post-hoc, as a whole.  Third, because baseline scores may vary 
among individuals, it is difficult to understand true success, when only pre-operative to post-operative 
changes are considered. 18  In interactive discussions with the sponsor, and at the request of the Agency, 
the primary endpoint was revised to consider FAAM ADL rather than FAAM Sports. 
 
This Sports measurement of function is consistent with the ADL measure of function discussed below.  
Both endpoints show superiority for Cartiva at 6 weeks and superiority for Arthrodesis at 6 months and 
1 year, where the 1 year FAAM Sports was the pre-specified measure for function in the primary 
endpoint.  As an 9-point change was pre-specified to be a clinically meaningful change, all three 
differences would be considered clinically significant 19.  
 
 
 
 
 
 
 
 
 
 
 
                                                             
18 Guidance for Industry Patient-Reported Outcome Measures: Use in Medical Product Development to Support 
Labeling Claims 
19 Rathi, V.K. et.al; JAMA. 2015;314(6):604-612  
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Table 35: FAAM Sports Responder Analysis –Completed without secondary surgery [CARTIVA Table]    

 

10.2.2.2 FAAM-ADL 
 
FAAM ADL scores were used to evaluate each subject’s improvement in functional activities of daily 
living, originally as a secondary endpoint.  Questionnaires were completed prior to treatment, and at 2 
and 6 weeks, and 3, 6, 12, and 24 months, post-operatively.  Success in each category was defined as 
maintenance or improvement in status postoperatively as compared to the pre-operative condition.    
 
For overall ADL function, at month 12, the Cartiva patients reported a mean overall functional 
assessment score of 88.6 (mean improvement of 29.1 from baseline), compared with a mean functional 
assessment score of 94.1 (mean improvement 37.4 in the Arthrodesis patients.  Cartiva was substantially 
better than Arthrodesis at Week 2 and Week 6 (p<0.05), but Arthrodesis was substantially better at 
Month 6 and Month 12. 
 

Table 36: FAAM ADL – Completers Without Secondary Surgery [CARTIVA Table]   

 
 
Looking at the change from baseline results, one can see similar results.  It is expected that the 
arthrodesis group would have lower function at Weeks 2 and 6, as these subjects may still be required 
to wear a boot.  Arthrodesis subjects have greater function at every other time point from Month 3 to 
Month 24.   
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Table 37: FAAM ADL Change from Baseline Over Time [CARTIVA Table]   

 
 
The responder analysis for FAAM ADL allows subjects to be a responder as long as their function did not 
decrease by more than 8 points.  As this is a low bar for success, almost all subjects are responders by 
Month 3. 
 

Table 38: FAAM ADL Responder Analysis for Function Over Time [CARTIVA Table]   

 
 
The FDA considered other definitions of a responder, such as a 10 point improvement in FAAM scores.  
However, some subjects began the study with function scores of 90 or above.  A subject whose function 
improves from a function of 95 to a function of 100 would be considered a failure under this approach.  
 
Question for the Panel: In examining change from baseline FAAM ADL scores, Arthrodesis subjects 
performed better than Cartiva subjects at every time point from Month 3 to Month 24.  Arthrodesis was 
also substantially better for the pre-specified primary functional assessment, FAAM Sports at Month 12.   
The responder analysis shows non-inferiority, but to be a responder the only requirement is to not 
worsen in terms of function.  Does the Panel consider the definition of a responder to be appropriate, 
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better at Week 6 and the Arthrodesis group was significantly better at Month 6.  The Arthrodesis group 
did better, but not significantly better, at 1 and 2 years. 
 

Table 48: SF-36 – Completers without secondary surgery [CARTIVA Table] 

 
 
FFI-R - The Revised Foot Function Index is a subject reported questionnaire comprised of 5 subscales, 
which evaluate pain, stiffness, difficulty, activity limitation, and social issues.  This scale is valid and a 
highly reliable assessment for subjects with foot problems. 
 
Cartiva patients showed a mean total score of 11.3 (improvement from 42.5 at baseline), compared with 
4.2 in the Control group (improvement from 45.4 at baseline).  The difference in means FFI-R score was 
substantially better for Arthrodesis at every time point from Week 6 to Month 24. 
 

Table 49: FFI-R – Completed Subjects Without Secondary Surgery [CARTIVA Table]  

 
 

10.3.3 Patient and Investigator Global Assessments 
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Overall, there are questions regarding the PMA study primary endpoint, definition of success for each group, and 
methods of analysis of the primary endpoint for effectiveness.   
 
To summarize, FDA has the following concerns that relate to interpreting safety and effectiveness of the 
Cartiva device and assessing its benefit/risk profile based on the clinical data set. 
 

1. Evaluation of the composite primary endpoint is challenging because the assessment of success 
and failure as it relates to adverse events, secondary surgeries, and radiographic findings was 
not necessarily appropriately defined.  The primary success analysis takes into account only 
certain pre-specified adverse events and radiographic findings that led to secondary surgeries 
and does not include all applicable device-related adverse events, secondary surgeries, or 
radiographic findings.  See Sections 9.7, 10.2.3, and 10.2.4 for further discussion.    
 

2. The clinical benefit observed in the investigational group is unclear based on the pre-specified 
primary composite endpoint at 12 months and based on the FDA-requested post-hoc primary 
composite endpoint analysis at 24 months when pain and functional outcomes are considered 
individually.  These observations for the individual pain and function measures have potential 
ramifications on the overall clinical interpretation of results for the primary composite endpoint, 
particularly when examined in the context of questions regarding other components of the 
composite endpoint as discussed above.  See Section 10.2 for further discussion. 
 

3. The sponsor reports success of the Cartiva device in meeting the primary composite endpoint; 
that success was contingent upon the use of a 15% non-inferiority margin chosen by the sponsor 
for the study.  In feedback provided to the sponsor prior to the oUS study, the Agency 
recommended the use of a non-inferiority margin corresponding to a maximum clinically 
insignificant difference in lieu of the 15% non-inferiority margin.  A non-inferiority margin of 
10% has typically been utilized in non-inferiority studies for other orthopedic implants.  
Whatever non-inferiority margin is utilized, FDA believes this margin should correspond to a 
maximum clinically insignificant difference for the investigative and control treatments.  See 
Sections 7.1.7 and 10.1 for further discussion. 
 

4. The ability to determine clinical success is made challenging by the use of some clinical outcome 
instruments, which are not based on categories widely accepted in the literature as clinically 
meaningful differences for the condition being treated.  See Section 10.1 for further discussion.  

 
5. The proposed target population for the Cartiva was identified as subjects with osteoarthritis 

Grades 2 to 4 of the first MTPJ.  FAAM Sports is the pre-defined outcome instrument used to 
measure functional success.    Because there were no objective measures of patient preference, 
the population for whom the device is intended is unclear.  A quantitative approach to eliciting 
patient preferences should be considered. 20  See Section 10.3.1 for further discussion. 
 

                                                             
20 Patient Preference Information – Submission, Review in PMAs, HDE Applications, and De Novo Requests, and 
Inclusion in Device Labeling Draft Guidance for Industry, Food and Drug Administration Staff, and Other 
Stakeholders 
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6. The sponsor is claiming a benefit of shorter rehabilitation and surgical procedure times.  
However, rehabilitation time and time to successful rehabilitation outcomes were not 
objectively measured or collected.  Surgical procedure time was not available for 26 and 22 
percent of Cartiva and Arthrodesis patients, respectively.  Therefore, the current data have 
limitations regarding such questions of benefit.  See Section 8.5 for further discussion. 
 

7. The “all evaluated” accounting is not clear, and as such, the result may reflect a total study 
population that includes subjects either not eligible for the device or not treated as randomized.  
Additional protocol deviations should be considered in the PP analysis that has direct impact on 
determining safety and effectiveness outcomes.  See Section 8.3 for further discussion. 

 
8. Radiographic Outcome Considerations:  The Agency understands that the Cartiva device, 

according to its risk analysis profile, is associated with certain radiographic outcomes that can 
impact its treatment effect. Accordingly, it is reasonable to consider that a radiolucency or 
heterotopic ossification at the operative level would impact the safety and effectiveness of the 
device.  The sponsor conducted an analysis of radiographic findings.  The Agency has the 
following concerns with the radiographic findings presented in the PMA application: 

  
a. Bony Reactions: There were bony cystic lesions noted upon radiographic review.  

Analyses comparing outcomes in subjects with and without these lesions were 
conducted by the sponsor, and the sponsor concluded that these radiographic findings 
had no clinical impact.  The clinical significance of the observed cystic lesions remains 
unclear.  See Section 9.6 for further discussion. 
 

b. Heterotopic Ossifications: The incidence of HO was reported by independent radiologists 
and was noted frequently in the Cartiva population. Furthermore, the location and 
impact on the surrounding anatomy were not included in the study protocol.  While 
pain and function assessments for Cartiva subjects with Class 3 Heterotopic Ossification 
were not reported (and thus it is currently unknown whether Class 3 Heterotopic 
Ossification correlates with poorer outcomes with respect to pain and function), there 
are concerns that the frequency of these events noted in the midterm potentially could 
have longer-term clinical effects.  See Sections 9.6 and 10.2.4 for further discussion. 

12. BENEFIT/RISK ASSESSMENT  
 
The Agency in stating the above concerns recognizes that the sponsor has conducted a non-inferior 
study with pre-defined measures for failure at the pre-specified 12 month and the requested post-hoc 
24 month endpoints.  However, there are challenges interpreting the individual clinical success rate, 
based on concerns regarding several components of the composite endpoint.  The Agency has clinical 
concerns, as noted above, with the safety and overall benefit/risk profile of the device at this time and is 
concerned that additional information may be needed.   
 
When making a determination of the benefit-risk profile of a device, the Agency considers the following: 
 

• Benefits: type of benefits, magnitude of benefits, probability of the patient experiencing one or 
more benefits, and duration of effect 
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• Risks: types, number, and rates of harmful events associated with the use of the device (device-

related serious, device-related non-serious, and procedure-related adverse events), probability 
of a harmful event, and duration of harmful events. 

 
• Additional factors (if applicable): uncertainty, characterization of the disease, patient tolerance 

for risk and perspective on benefit, availability of alternate treatments, risk mitigation, post-
market data, and novel technology addressing unmet needs. 

 

12.1 Summary of Benefits 
 
Over the course of the study, the following benefits were considered with use of the Cartiva device 
when compared to the Arthrodesis control group.  These benefits should be interpreted in the context 
of the additional benefit-risk considerations, especially those of data uncertainty, presented in the 
Additional Considerations section below: 
 

1. Improvement in VAS pain scores, with 88% and 89% responders in the Cartiva group at 12 and 
24 months respectively, where a responder is defined as having a 30% decrease in VAS.  The 
responder rate in the Arthrodesis control group was 100% and 98% at 12 and 24 months. 
 

2. Maintenance of function as measured by FAAM Sports, with 98% and 96% responders at 12 and 
24 months, where a responder is defined as not having worsened by more than 9 points from 
baseline.  The responder rate in the Arthrodesis control group was 100% and 98% at 12 and 24 
months.  The Cartiva group was substantially better than the Arthrodesis group at Week 6 for 
this assessment. 

 
3. Maintenance of function as requested and measured by FAAM ADL, with 99% and 98% 

responders at 12 and 24 months, where a responder is defined as not having worsened by more 
than 8 points from baseline.  The responder rate in the Arthrodesis control group was 100% and 
98% at 12 and 24 months.  The Cartiva group was substantially better than the Arthrodesis 
group at Week 6 for this assessment. 

 
4. Improvement in quality of life as measured by SF-36, with 89% and 94% responders at 12 and 24 

months, where a responder is defined as having improved by 10 points from baseline.  The 
responder rate in the Arthrodesis control group was 93% and 93% at 12 and 24 months. The 
Cartiva group was substantially better than the Arthrodesis group at Week 6 for this assessment. 

 
5. Improvement in function as measured by FFI-R, with 94% and 95% responders in the Cartiva 

group at 12 and 24 months, where a responder is defined as having improved by 5 points from 
baseline.  The responder rate in the Arthrodesis control group was 100% and 95% at 12 and 24 
months. 

 
6. General agreement at 12 and 24 months post-treatment with the patient satisfaction question, 

“My overall well-being has improved since the beginning of the study?”  The proportion of 
subjects in the primary analysis dataset responding with answers of “strongly agree” or “agree” 
at 12 months was 75% for the Cartiva treatment group and 79% for the Arthrodesis group.  At 
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24 months 74% of Cartiva subjects and 85% of Arthrodesis subjects responded with answers of 
“strongly agree” or “agree”. 

 
7. General agreement at 12 and 24 months post-treatment with the investigator’s assessment of 

the satisfaction question, “My overall well-being has improved since the beginning of the 
study?”  The proportion of subjects in the primary analysis dataset responding with answers of 
“strongly agree”, or “agree” at 12 months was 75% for the Cartiva treatment group and 83% for 
the Arthrodesis group.  At 24 months 84% of Cartiva subjects and 83% of Arthrodesis subjects 
responded with answers of “strongly agree” or “agree”. 

 
8. Maintenance of range of motion as measured by Active MTP Dorsiflexion.  The Cartiva group 

showed substantially greater range of motion than the Arthrodesis group at all time points.  
However, as discussed in Section 10.3.1, this greater range of motion for Cartiva subjects did not 
appear to ultimately correlate with function assessments, which were substantially better for 
Arthrodesis subjects at longer time points.    

  
9. Shorter surgery times, as the average procedure time was 23 minutes less in the Cartiva group.  

Data were not available for all subjects. 
 

10. Lower rates of certain radiographic endpoints, such as non-union.  However, such radiographic 
endpoints are not the goal of the Cartiva procedure. 

 

12.2 Summary of Risks 
 
Over the course of the study, the following risks were identified.  These risks should be interpreted in 
the context of the additional benefit-risk considerations presented in the section below, especially those 
of data uncertainty, presented in the Additional Considerations section below: 
 

1. The overall rate of any device related adverse event at 24 months was numerically higher in 
Cartiva as compared to the Arthrodesis control (Cartiva, 15.1%; Arthrodesis, 8.0%).  The overall 
rate of any serious device related adverse event at 24 months was numerically higher in Cartiva 
as compared to the Arthrodesis control (Cartiva, 7.2%; Arthrodesis, 4.0%). 
 

2. The rates of Bony Reactions, 49% Cartiva and 6% Arthrodesis,  and Class 1-3 Heterotopic 
Ossification, 53% Cartiva and 4% Arthrodesis (Class 4 is expected in Fusion subjects) are higher 
in the Cartiva group as compared to the Arthrodesis control. 

 
3. Subjects may require a secondary surgery if the Cartiva procedure is unsuccessful.  The 

estimated rate of secondary surgeries is 11.2% at 24 months and 13.8% if all known SSSI events 
are included. 

 
4. Reductions from baseline VAS pain scores were substantially less for the Cartiva group as 

compared to the Arthrodesis control at every time point from Week 6 to Month 24.  Serious 
pain related adverse events were higher in the Cartiva group compared to control. See Table 55: 
VAS Pain Change from Baseline.  
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5. The FAAM Sports function scores as a change from baseline were substantially worse in the 
Cartiva group as compared to the Arthrodesis control at Month 6 and Month 12. 

 
6. The FAAM ADL function scores as a change from baseline were substantially worse in the Cartiva 

group as compared to the Arthrodesis control at Month 6 and Month 12. 
 

7. The FFI-R function scores as a change from baseline were substantially worse in the Cartiva 
group as compared to the Arthrodesis control at every time point from Week 6 to Month 24. 

 
8. The SF-36 quality of life scores were substantially worse in the Cartiva group as compared to the 

Arthrodesis control group at Month 6. 
 

9. The patient global assessment where subjects responded to the question “My overall well-being 
has improved since the beginning of the study?” showed lower rates of patients answering 
“Strongly Agree” at Month 6 (Cartiva 29% Arthrodesis 47%), Month 12 (Cartiva 33%, Arthrodesis 
53%) and Month 24 (Cartiva 39%, Arthrodesis 55%).  

 

12.3 Additional Considerations for the Benefit-Risk Assessment 
 
As discussed in the overview above, additional considerations factor into the benefit-risk determination, 
and subsequently, the determination of the safety and effectiveness of a device. These considerations 
include uncertainty, disease characterization, patient tolerance for risk and perspective on benefit, 
availability of alternate treatments, risk mitigation, post-market data, and novel technology addressing 
unmet needs. 
 
In this clinical study of the CARTIVA device, uncertainty was introduced by issues related to the study 
design including different definitions of success for each group, the method (and type) of data collected 
and analyzed, observations/results reported, and the absence of patient and investigator blinding. 
Uncertainty related to these factors was considered in the benefit-risk determination. The adequacy 
regarding the characterization of the medical condition under study (i.e., osteoarthritis) was also 
considered in the benefit-risk determination. Supplementary information, such as scientific literature on 
the patient population and procedure, as well as requested post hoc analyses of the data, was also 
considered. 
 
The Panel will be asked a voting question on whether a favorable benefit-risk has been demonstrated for 
the PMA device for its proposed intended use. 
 

12.4 Benefit-Risk Conclusion 
 
 
The clinical study appears to demonstrate that the Cartiva subjects experienced increased maintenance 
range of motion while experiencing lower reductions from baseline VAS pain scores as compared to 
Arthrodesis at 12 and 24 months.  The benefits and risks of this device have been identified.  However, 
the study design, method of data collection and analyses, and interpretation of results, remain concerns.  
Based upon the benefit risk considerations, including the clinical justification of the non-inferiority 
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margin, primary endpoint data assessment, and adverse event profile, a determination of the relative 
weight of the benefits and risks of the device remains unclear.  
 
The Panel will be asked a voting question on whether a favorable benefit-risk has been demonstrated for 
the PMA device for its proposed intended use. 

13. POST-APPROVAL STUDY 
 
Note: The inclusion of a Post-Approval Study section in this summary should not be interpreted to mean 
that FDA has reached a decision or has made a recommendation regarding the approvability of this PMA 
device.  The presence of a post-approval study plan or commitment does not in any way alter the 
requirements for premarket approval and a recommendation from the Panel regarding whether the risks 
outweigh the benefits. The premarket data must reach the threshold for providing reasonable assurance 
of safety and effectiveness before the device can be found approvable and any post-approval study could 
be considered. The issues noted below are FDA’s comments regarding potential post-approval studies, 
for the Panel to include in the deliberations, should FDA find the device approvable based upon the 
clinical premarket data.  
 
The sponsor did not provide a post-approval study protocol in their PMA submission or in their 
November 20, 2015, Major Deficiency letter response.  On January 20, 2016, the sponsor was requested 
to provide the following: 
 
If the Cartiva Synthetic Cartilage Implant device for treatment of first metatarsophalangeal joint 
osteoarthritis is approved, postmarket evaluation of the longer-term safety and effectiveness of this 1st 
of a kind device is warranted.  Due to the lack of published evidence and observational data pertaining 
to Cartiva SCI, a continued follow up of the clinical study cohort can be recommended as a main data 
source for postmarket evaluation.  Based on the currently available performance data, a confirmatory 
risk-benefit assessment is needed with: 1) the focus on higher rates of pain/inflammatory responses in 
Cartiva patients vs. controls, and 2) the assessment, whether or not, there is a functional gain in mobility 
that would rationalize the use of Cartiva SCI vs. alternative conventional treatments.  
 
Because no proposed Post-Approval Plan or a rationale for No Post-Approval Study was provided by the 
sponsor, a further epidemiological assessment with the final decision on the need for PAS and specific 
PAS questions will rest on the sponsor’s proposal for a post-market plan.  An outline is provided below 
that details the elements that should be included in the post-approval study protocol (if needed).  More 
information can be found in FDA’s guidance entitled “Handling Post-Approval Studies Imposed by PMA 
Order” located at 
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucm070974.h
tm. 

 
• Background 
• Objectives with study hypotheses 
• Study design 
• Study groups (including description of group)  
• Patient inclusion and exclusion criteria 
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• Sample size calculation (based on testable hypothesis) 
• Recruitment strategy (for study sites and subjects) 
• Data collection: Study Endpoints 
• Follow-up schedule and plan to minimize loss to follow-up.  
• Statistical analysis plan 
• Detailed study timeline 
• Reporting requirements (interim and final reports) 
 
The Proposed Post-Approval Plan should also include the study timeline with the following information: 

- Expected date of study initiation 
- Expected monthly number of study sites with IRB approvals 
- Expected number of subjects enrolled per month  
- Expected date of enrollment completion 
- Expected date of study follow-up completion  
- Expected date for Final Report submission 

 
 

The Panel will be asked to comment on the need for, and elements of, a new enrollment PAS, should FDA 
determine that this PMA application is approvable. 
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